Summary At present, meiotic studies have been carried out on a population basis for assessing the genetic diversity in 38 accessions belonging to 6 species, namely S. barbata (n=18), S. glauca (n=9, 18, 36), S. megaphylla (n=18), S. palmifolia (n=18, 27), S. tomentosa (n=18) and S. verticillata (n=27), of the genus Setaria from different parts of India. For S. barbata and S. megaphylla, the chromosomal counts of n=18 represent the first reports from India. For S. glauca, 3 cytotypes occurring as diploids, tetraploids and octaploids are reported which also show some marked differences in their morphological features. The meiotic behavior in some populations of S. barbata and S. palmifolia (n=27) was found to be highly abnormal with low pollen fertility.
The genus Setaria L., commonly known as bristle grass or foxtail millet, belongs to the tribe Paniceae of family Poaceae and includes 140 species (Airy Shaw 1973) distributed throughout the temperate and tropical regions of the world. In India, the genus is represented by 17 species (Bor 1960) . It is characterized as an annual or perennial grass with stem tufted cane-like spikelets clustered on narrowely pyramidal panicles which bears a persistent involucre of a few or many barbed bristles; glumes 4 membranous and styles quite distinct. Several species of genus Setaria, such as S. italica and S. longiseta, give abundant coarse hay of inferior quality. S. flavida and S. sphacelata are mainly used as fodder. The young shoots of a few species are eaten as salads in Malaysia. In West China, India, Pakistan, and South Russia, they are eaten as whole grain, ground into flour, or consumed in sprouted form (Schery 1972) . In Luzon, North Philippines, S. palmifolia is used to cure skin disorders (Bodner and Gereau 1988) . Some of the species carry negative features, for example S. viridis grows as a weed in temperate regions and other species serve as hosts for maize and sugarcane mosaic viruses (Mabberley 1998) . A perusal of literature brings to light the existence of lot of intra-and interspecific chromosomal diversity in the genus from different parts of the world. To supplement this information further, with from information a wide area throughout India, a population-based cytomorphological study has been carried out on new and unexplored areas in different states of India.
Materials and methods

Morphological studies
In the case of S. glauca, all 26 morphometric characters were studied for each cytotype, in order to have proper insight into morphological variation. For stomata studies, mature leaves were treated with potassium hydroxide (KOH) and epidermal peels were then observed. The species is commonly known as bristly foxtail grass and is distributed in tropical Asia and Africa. It is a good pasture grass. The population worked out at present is found to be common on slopes and roadsides in Himachal Pradesh an within an altitudinal range of 600-2,500 m. The species is characterized by: its annual habit; its upper glume which is half to three quarters the length of the upper lemma; and the branches of its panicle, which are divided from the base, and bear short racemes and spikelets which are elliptic-acute and crowded. Cytologically speaking, this grass with n=18 ( Fig. 1 ) is found to be tetraploid. Out of 4 populations studied at present, 1 population, from Dharamsala, showed abnormal meiotic behaviour in the form of multivalent formation at M-I (Fig.  2) , unoriented bivalents at M-I (Fig. 3) , the presence of bridges (Fig. 4) and laggards ( Fig. 5) at A-I, abnormal microsporogenesis showing diads (Fig. 6 ) and triads (Fig. 7) , pollen grains of unequal size (Fig. 8) and reduced, pollen fertility at 44% (Fig. 9) .
The species, commonly called yellow bristle grass, pearl millet or yellow foxtail, is found mostly in cultivated fields. It is distributed in all temperate and tropical regions. It is characterized by spike cylindrical; spikelets 3 mm long and upper lemma coarsely rugose, boat-shaped, slightly keeled. Cytologically, 24 populations have been worked out from different phytogeographical regions of India. All the populations depict normal meiotic behaviour and high pollen fertility. Out of these, 11 populations are found to be at diploid level (n=9), 8 at tetraploid level (n=18) and 5 at octaploid level (n=36) based on x=9. Distributional and morphological comparisons have been made in these cytotypes in the present study (Table 2) .
Two accessions from Madhya Pradesh, 2 from Punjab, 3 from Haryana, 1 from Rajasthan, 1 from Himachal Pradesh and 2 from Kashmir occur at the diploid level with n=9 (Fig. 25a) . Two accessions from Madhya Pradesh, 3 from Punjab and 3 from Himachal Pradesh exhibit the tetraploid Figs. 1-21. 1-9. Setaria barbata 1). PMC at M-I (n=18); 2). PMC at M-I (3 VI + 2 IV + 5 II ) ; 3). PMCs showing unoriented bivalents at M-I; 4). PMC showing multiple bridges at A-I; 5). PMC showing laggards at A-I; 6). Diad; 7). Triad; 8). Heterogenous sized fertile pollen grains; 9). Fertile and sterile pollen grains. 10). Setaria megaphylla PMC at M-I (n=18 
20). Setaria tomentosa PMC at M-I (n=18). 21). Setaria verticillata-PMC
at Diakinesis (n=27). Scale=10 μm level with n=18 (Fig. 25b ). An other 5 accessions from Himachal Pradesh show the octaploid level with n=36 (Fig. 25c) . For the morphological study, 26 parameters have been evaluated for vegetative and reproduc- tive characteristics of all the 3 cytotypes (Table 2 ). Significant morphological differences are noted for characteristics such as plant height (Fig. 22) , length of spike (Fig. 23) and spikelets, as well as leaves size of sheath, lamina, stomata (Fig. 24) and stomatal index.
Setaria megaphylla (Steud.) T. Durand & Schinz
The species is commonly known as Malaysian palm grass. It is distributed in tropical Africa on a world-wide basis. This species has been introduced into India. The presently worked out population is found to be common in shady moist places along the roadsides between altitudes of 800-2,000 m in Himachal Pradesh. It is characterized by its perennial habit, spikelets less secund on branches, and an upper glume half as long as the upper lemma or less. The species depicts a normal meiotic course with n=18 ( Fig. 10) and is at tetraploid level.
Setaria palmifolia Stapf
The species is distributed in tropical areas on a world-wide basis. The presently worked out populations are found scrambling over other vegetation, often in dense and shady places. It is a robust grass and characterized by inflorescence 25-30 cm long, spikelets which are 3 mm long and bristle twice as long as the spikelet. Cytologically speaking, 2 cytotypes, occurring as a tetraploid with n=18 (Fig. 11 ) and a hexaploid with n=27 (Fig. 12) , respectively, are reported. For the tetraploid cytotype, the meiotic course has been found to be normal, whereas for the hexaploid cytotype, meiotic behavior has been reported to be abnormal with the presence of interbivalent connections at M-I (Fig. 13) ; cytomixis at prophase-I (Figs. 14, 15 ), the production of hypo and hyperploids PMCs (Fig. 16 ) and extrachromatin masses lying away from the main chromatin material (Fig. 17) . Abnormal microsporogensis results in the production of diads (Fig. 18) and triads ( Fig. 19 ) besides normal tetrads with reduced pollen fertility (58%). Morphologically, both cytotypes were indistinguishable.
Setaria tomentosa (Roxb.) Kunth (=S. intermedia Roth.=Panicum tomentosum=Panicum tomentosum Roxb.)
The species is widely distributed in the plains and hills of India. The presently worked out populations are usually found in damp and shady places in Punjab, Himachal Pradesh and Madhya Pradesh. It is characterized by its annual habit, narrow panicle and spikelets, crowded or loosely scattered, at 2 mm long. The meiotic course has been found to be normal with PMCs showing n=18 (Fig. 20) 
The species is commonly known as rough bristle grass or bristly foxtail and is found to be invasive species. It is distributed in tropical and temperate regions of the old world. The presently worked out populations are found to be common in open and waste places at an altitudinal range of 300-800 m in Himachal Pradesh. Flowering and fruiting occurs throughout the year. This species can be easily recognized because of its clinging, extrorsely barbed bristles on loose and lobed panicles. The gametic number is noted to be n=27 (Fig. 21 ) and it is at hexaploid level.
Discussion
The genus Setaria, has attracted the attention of cytologists throughout the world starting with reports of 2n=18 for S. italica for Chinese material and 2n=36 for S. plicata for tropical Asian material by Avdulov (1928) . Since then, 71 species on a world-wide basis, including all the 17 taxonomically known species from India, have been cytologically worked out.
On the basis of data compiled for cytological observations pertaining to the genus Setaria, it is observed that some of the species represent even intraspecific cytotypes and depict chromosome numbers in the range of 2n=14 to 108 with 2n=36 being most frequent (48%), followed by 2n=18 and 2n=54, in an almost equal frequency of nearly 18%, with 2n=72 also counted as significant (11%). From India, all 17 species have been cytologically worked out, with nearly half the number of species exhibiting multiple cytotypes with chromosome numbers such as 2n=14, 18, 20, 28, 36, 38, 40, 44, 54, 56, 72 , with highest frequency being 2n=36 (20%) followed by 2n=18 and 2n=27 at nearly the same frequency of 14%.
On the basis of the present and previous reports on chromosome number for the species studied at present, x=9 remains the common base number, as observed for the genus Setaria and its tribe Paniceae by Brown (1948) . Calculating by this monobasic nature, the presently worked out populations represent 28% diploids and 72% polyploids, in confirmity with the statement of Canahan and Hill (1961) that about 80% of the known grass species are polyploids. Although on a world-wide basis the highest level reported so far in this genus is 12x, in the present collections the maximum level observed is 8x. Aneuploids are also present in some species but at a very low frequency.
Further scrutiny of literature shows that diploids and polyploids of Setaria exhibit overlapping patterns of distribution in India. However, it has been seen at present that tetraploids are of relatively wider distribution. Taking S. glauca into consideration, it is interesting to note that octaploids exist only in district Kangra of Himachal Pradesh, emphasizing the phytogeographical distributional preference of the cytotype.
For S. barbata, the present count of n=18 at tetraploid level has been worked out for the first time from India, in confirmity with the earlier report of 2n=36 by Olorode (1975) from Nigeria. Other reports of hexaploids with 2n=54, from outside India by Gadella (1977) and Dujardin (1978) and from South India by Christopher and Abraham (1976) , as well of aneuploids at 6x level with 2n=56 by Sarkar et al. (1976) , from the eastern part of India, have already been published. Out of 4 accessions, 1 accession of S. barbata shows an abnormal course of meiosis accompanied by pollen sterility. Singh and Gupta (1977) also observed multivalents in S. macrostachya and suggested it to be a case of segmental allopolyploidy.
For S. glauca, morphological variations of the 3 cytotypes indicate there to be marked increases in certain characteristics, especially size of plant, leaves and inflorescence, in parallel with an increase in the level of ploidy. Even some of the microcharacteristics like stomatal size, size of PMCs and size of pollen grains, also show proportionate increase with this change in ploidy at the intraspecific level. Similar inference has been drawn by comparing only 2 cytotypes, 4x and 8x, by Mehra et al. (1968) . Cytologically speaking, on the basis of the cumulative literature, the species is reported to exhibit 2n=18, 36, 36+0-3B, 38+0-3B, 44, 54, 72 chromosome numbers, suggesting the existence of intraspecific polyploidy cytotypes (2x, 4x, 6x and 8x). For S. megaphylla, the chromosome count of n=18 is the first record for the species from India and simultaneously lies in confirmity with earlier reports by Olorode (1975) from Nigeria and Dujardin (1978) from Zaire while differing from hexaploid reports of 2n=54 by Spies and Du Plessis (1987) and Hoshino and Davidse (1988) from Southern Africa.
For S. palmifolia, the present count of n=18 is tetraploid and the meiotically stable cytotype collected from Madhya Pradesh conforms the earlier single report of 2n=36 by Khosla and Sharma (1973) from Himachal Pradesh. The other hexaploid and meiotically imbalanced cytotype with n=27 studied at present from Himachal Pradesh conforms to earlier reports of 2n=54 by many researchers (Table 1) .
For S. tomentosa, the present report of n=18 is in confirmity with multiple reports from different parts of the world, except for a diploid report of 2n=18 by Sindhe (1977) from South India and an aneuploid of 2n=38 by Bir and Sahni (1983) from the Punjab plains.
For S. verticillata, the presently worked out populations from hilly areas of Himachal Pradesh exhibit n=27 at hexaploid level, which is in confirmity with earlier reports of 2n=54 by Bir and Sahni (1983, 1985) from the Punjab plains, and Sinha et al. (1990) from Bihar. The data on previous reports speaks otherwise, i.e. diploids and tetraploids cytotypes are reported to be very common, hexaploid cytotypes uncommon, and octaploids as well as 12x type cytotypes rare (Table 1) .
